The present study aimed to select and recommend quinoa genotypes based on the yield genotypic adaptability and stability, by the method of the Harmonic mean of relative performance of genotypic values. Five experiments were conducted during the crop seasons of 2014 and 2015 in two locations in the Western region of Paraná State, Brazil. This study involved the evaluation of the yield of thirteen quinoa genotypes. Initially, the genotypic values (GV) were obtained by employing BLUP/REML methodology for mixed models. After, the values of the harmonic mean for genotypic value (HMGV*MG), the relative performance for genotypic values (RPGV*MG) and the harmonic mean of the relative performance for genotypic values (HMRPGV*MG) were obtained. The genotypes Q1317 and Q2014 were the best indicated for cultivation in the summer crop, with medium yield genotypic stability and adaptability. The genotype Q1318 is recommended for winter crop, presenting high yield genotypic stability and adaptability.
INTRODUCTION
Quinoa (Chenopodium quinoa Willd) is known and used on large scale by farmers in Colombia, Ecuador, Peru, Bolivia, Chile and Argentina. Quinoa is increasingly cultivated in the world by being present, cultivated or under experimentation, in more than 95 countries around the world (Bazile et al., 2016) . In 2017, the global quinoa production volume amounted to about 146.74 thousand metric tons. The amount produced in Brazil is considered insignificant for the world statistics, being only related to the researches of Embrapa, University of Brasília (UnB) or Universidade Estadual do Oeste do Paraná (UNIOESTE) (Spehar et al., 2011; Vasconcelos et al., 2013) .
In Brazil there are studies related to the cultivation of quinoa in the Brazilian savannah region (Spehar et al., 2011) and in tropical conditions (Vasconcelos et al., 2013) . However, even within one of these environmental conditions there is great variability generating a differentiated response of each genotype (Tardieu, 2013) , requiring studies involving more than one growing environment to guarantee efficiency of genotype selection. These studies are known as assessability of yield adaptability and stability.
Studies of yield adaptability and stability are carried out in different crops as soybean (Vasconcelos et al., 2010) , corn , cowpea (Torres et al., 2015) , pop corn (Freitas et al., 2013) , jatropha (Rodrigues et al., 2017) , eucalyptus (Pupin et al., 2015) , white oat (Hawerroth et al., 2013) , rice (Colombari Filho et al., 2013) , carrot (Silva et al., 2011) , quinoa (Ali et al., 2018) , among others. However, there is no available research about the yield adaptability and stability of quinoa in Brazil.
For analysis of the yield adaptability and stability there are several methods, standing out: Lin and Binns method, Eberhart and Russell (Eberhart & Russell 1966) ; Cruz, Torres and Vencovsky (Cruz et al., 1989) , Integrated method (Vasconcelos et al., 2011) , AMMI -Additive Main effects and Multiplicative Interaction model (Gauch, 2006) . Another method based on mixed models, that has often been employed with this type of analysis, is the HMRPGV Rev. Ceres, Viçosa, v. 66, n.2, p. 117-123, mar/abr, 2019 -harmonic mean relative performance of genotypic values (Resende, 2007) .
The method of the Harmonic mean of relative performance of genotypic values has generated excellent results for stability and adaptability studies Torres Filho et al., 2017; Rodrigues et al., 2017; Costa et al., 2015; Almeida Filho et al., 2014) . The advantages of this procedure include the adaptability and stability, simultaneously, selection for productivity. With this method, we are working with unbalanced data and no variance homogeneity (Colombari Filho et al., 2013) . Consequently, the use of HMRPGV in data from quinoa trials can generate information of great importance for the selection of genotypes with yield stability and adaptability.
Therefore, the present paper aimed to select and recommend quinoa genotypes based on the yield genotypic adaptability and stability, by the method of the Harmonic mean of relative performance of genotypic values.
MATERIAL AND METHODS
Was conduct five experiments during the crop seasons of 2014 and 2015 in two locations in the Paraná State, in the municipalities of Entre Rios do Oeste and for mixed modelsthe yield (ton.RVG and MHPRVG.Marechal Cândido Rondon (Table 1) . In this region, the average annual temperature is 23 ºC, with variation between 1,600 and 1,800 mm of the total annual precipitation. The soil is classified as Eutroferric Red Latosol with clay texture.
The experiments were arranged in a randomized complete block design, with 3 replications. The study involved thirteen quinoa genotypes: Q2014, Q1301, Q1302, Q1303, Q1304, Q1306, Q1310, Q1317, Q1318, Q1320, Q1321, Q1324 and Q1331. Line spacing was of 0.5 m each, arranged in five rows on the experimental plot, which has 5.5 meters of length. The experimental plot useful area was composed by the three central lines with 4.5 meters of length, totaling 6.75 m 2 .
The fertilization was 280 kg ha -1 of the formulated 08-20-20 in conventional crops and 400 kg ha -1 of pelleted organic fertilizer in the formulation 05-08-08 with addition of organic matter (environment 3). The distribution of the fertilizers was carried out in lines with the aid of a Semeato sowing plantation, model SDM1517, drawn by a tractor TL 75 4x4 aspirated with 78 cv. Seeding was done manually using the lines left by the sowing plantation. In the seeding process, 45 seeds per linear meter were arranged, with thinning to guarantee only 40 plants per square meter.
The culture treatments were carried out whenever necessary in order to ensure that there was no competition between quinoa plants and weeds and also to avoid excessive attack from pests and diseases in the crop.
Harvesting, thrash and cleaning of the quinoa seeds was done manually with approximately 100 days after emergence of the seedlings (varying according to genotype), after that the seeds were dried in the sun until reaching 13% moisture. Then, the mass of the harvested seeds was determined by the balance with the precision of 0.005g, obtaining the values in kg, these values extrapolated to yield in kg ha -1 .
The model below is in a linear form:
Where: y is the data vector or vector of the observations; r is the vector of the replications effects (assumed as fixed and adjust block-environments combinations) added to the general mean; g is the vector of the genotypic effects (assumed as random); b is the vector of blocks (effects random); ga is the vector of effects of genotypes x environments interaction (random), and, e is the vector of errors or residuals (random). Capital letters represent the incidence matrixes for these effects. The effects of the crop season and municipalities are grouped into effect a, as they are environmental effects (effects random) (Resende, 2007) . The effects significance of the model was estimated by an analysis of deviance, as recommended by Resende (2002) . The effect block within the environments was tested by F test at 5% of error probability. By using empirical BLUP predictors (REML/BLUP) with this model in matrix, it was possible to obtain estimates of mean effect for environment j ( ), genotypic effects for genotype i ( ) and effects of the genotypes x environments interaction ( ) involving the genotype i and the environment j. After that the genetic values (GV ij ) effects was obtained for genotype i and environment j, as follows:
With the GV ij data, the Tocher test was performed as presented by Cruz et al. (2014) within each growth condition.
With the data of GV ij that were obtained for all genotypes, the values of the harmonic mean for genotypic value (HMGV) as a measure of stability, the relative performance for genotypic values (RPGV) as a measure of adaptability and the harmonic mean of the relative performance for genotypic values (HMRPGV) as a measure of stability, adaptability and productivity, simultaneously. These data were obtained in accordance with the expressions:
Where:
l is the number of environments; GV ij is the genotypic value of the genotype i in the environment j; and, MG is the general mean.
With the HMGV i , RPGV i and HMRPGV i datas, the Tocher test was performed as presented by Cruz et al. (2014) . This is possible because the Tocher test allows to group similar behaviors of the genotypes, this way in the processes of group formation, the distances within the group are smaller than the distances between the groups. Thus, we will have values of HMGV i , RPGV i and HMRPGV i , smaller within the groups formed than the distances between the groups. With this, we facilitate the discussion of the results of HMGV i , RPGV i and HMRPGV i , since we can distinguish the behavior of each genotype. The Selegen software system (Resende 2016) was used for the analyses, except for Tocher test, this was done by the use of GENES (Cruz, 2013) .
RESULTS AND DISCUSSION
The genotypes x environments interaction (G x E) was significant (p < 0.01) by the analyses of deviance ( Table 2) , indicating that there is differentiated behavior of the genotypes when evaluated in different environments. This significance can be connected to the condition of quinoa being alotetraploid (Zurita-Silva et al., 2014) , due to possesses four gene pools the quinoa can present a differentiated response in several environments. For to show this it is enough to imagine that, the segregation of a single gene from a heterozygous alotetraploid genotype can generate five different genotypes (AAAA, AAAa, AAaa, Aaaa and aaaa), whereas in the diploid we will have only three different genotypes (AA, Aa and aa). In this case, if the genotype with recessive alleles has less adaptive potential than the others, we will have 1/3 of the plants with this condition in diploids and 1/5 in tetraploids. Considering this condition we would have a greater adaptive power in the tetraploids.
The genotypes effects was not significant (p < 0.05) by the analyses of deviance (Table 2) . This result may be related to the condition that the genotypes still have variability, because it comes from plant selection, followed by advancement of generations, thus guaranteeing that their general average productivity (average of replicates and cultivation environments) do not present differences. Thus, we can show that the effects of interaction G x E are the main responsible for the significance of the model. Also, the differentiated behavior of the genotypes in the different environmental conditions of the cultures were responsible for the observed differences, as already evidenced by Spehar & Rocha (2010) .
The component of variation of the G x E interaction and the coefficient of determination for this source of the variation were significant by the test t (p < 0.05) ( Table 2) . With this result we can state that the genetic difference between the genotypes was presented when they were submitted to the environments used in this research, and despite of the fact that the environments have potential for differentiation of the genotypes behavior under analysis, according to Oliveira et al. (2017) . It is also worth mentioning that G x E interaction hinder the selection of stable and satisfactory genotypes for a particular trait (Cruz et al., 2014) .
The genotypes Q1317 and Q1321 form the group a, with the highest genotypic value when cultivated in Entre Rios do Oeste, achieve a genotypic value of 1988.02 and 1968.61 kg ha -1 , respectively. In Marechal Cândido Rondon, the genotypes Q2014 and Q1306 will constitute the group a, with the highest genotypic values when cultivated in the summer crop of 2014/15. These genotypes reached genotypic values of 1975.87 and 2027.13 kg ha -1 , respectively (Table 3) . When considering the results for both environments in the crop summer, we found that the genotypes Q2014, Q1306 and Q1321 have the genotypic value near or above 1750 kg ha -1 .
The genotype Q2014, which is the union of the seeds of all the other genotypes, presented a productive behavior superior to the general average when cultivated in the crop summer. It is evident that this genotype has high adaptive capacity for cultivation in conditions with temperature higher than the average in which the genotypes were evaluated.
The genotypes Q1318 and Q1320 when cultivated in the winter season in Entre Rios do Oeste formed the group a with the highest genotypic values. These presented genotypic values of 466.34 and 429.79 kg ha -1 , respectively. In Marechal Cândido Rondon the genotypes Q1304 and Q1324 formed the group a, with the highest genotypic values, achieve 450.44 and 486.98 kg ha -1 , respectively (Table 3) .
The cultivation of quinoa genotypes in the summer and winter crop showed that genotype selection should be performed for each cultivated period or crop season. Thus, because the average behavior of the genotypes in winter crops have a yield about one quarter of that obtained in the summer crop. This way, a selection must be made for summer cultivation and another for winter cultivation, as it is already done in crops of maize, for example, in Paraná state (Zucareli et al., 2013) .
In the case of organic summer cultivation, it is worth noting that at the end of the crop cycle there was an intense attack of stink bug (Nezara viridula) on quinoa fruits, so that its yield was compromised, a condition already verified in other crops (Lourenção et al., 2010; Silva & Sobrinho, 2017) , not being different with quinoa. Two applications of Neem oil were performed as an attempt to reduce the number of stink bugs in the area, but they were not efficient. In the case of conventional cultivation, a stink bug attack was also observed, which was controlled with an application of thiamethoxam with Lambda-cyhalothrin, not significantly affecting quinoa yield. The characteristics of the plant, such as height, flowering, stand in organic crop, presented similar results to that observed in the conventional crop. The difference between these crops was during the grains filling, since the attack of stink bugs in the organic crop can not be controlled.
The genotypes Q1304 and Q1310 constitute the group a with the highest genotypic values in the organic summer crop in Entre Rios do Oeste, reaching genotypic values of 225.83 and 195.80 kg ha -1 , respectively (Table 3) .
When we select genotypes only for their predicted genotypic values of productivity, it does not guarantee that they show superior performance when cultivated under other conditions (Cruz et al. (2014) ). Due to this, we now precede the analyses of the predicted genotypic values adaptability and stability, by the method of the Harmonic mean of relative performance of genotypic values.
The genotypes Q1304, Q1310 and Q1318 formed the group with the highest values of HMGV (Table 4) , indicating that they have a lower variation of the genotypic values. These three genotypes have intermediate genotypic values, thus reducing the variation of their behavior. It is noteworthy that by this method, the lower the standard deviation of the genotypic behavior between the sites of the cultivation, the greater the genotypic values harmonic mean (Resende, 2007) . Therefore, the selection by the highest values of the HMGV implies simultaneous selection of stability, or even invariance of the genotypic values.
The values of RPGV*MG for the genotypes Q1304 and Q1318 evidence that they contribute to the increase of the each environment average in greater proportion, under the conditions in which they were evaluated. These two genotypes were pointed by this methodology as of great genotypic adaptability, since they have the highest values of contribution to increase the average of each experimental condition. However, when evaluating their genotypic values, they are allocated in groups c and b for the summer crops, in groups a, b and e when cultivated in the winter crop and in groups a and b in the organic summer crop.
The HMRPGV*MG value of the genotype Q1318 made it possible to form group a, considered to be of greater adaptability and genotypic stability by HMRPGV*MG (Resende, 2007) . This genotype belonged to group b when cultivated in Marechal Cândido Rondon in the summer and winter crops, as well as when cultivated in the organic summer crop. When the genotype Q1318 was cultivated in Entre Rios do Oeste in the winter season, it was grouped in the group a with the highest genotype values, being in group c when the cultivation was carried out in the summer crop.
The HMRPGV*MG value of the genotype Q1304 made it possible to form group b with de genotype Q1310, considered to be high adaptability and genotypic stability by HMRPGV*MG (Table 4 ). These genotypes also present high genotypic adaptability and stability, thus constitutes a genetic materials of quality for cultivation.
Taking the genotypes Q1317 and Q1321 with higher genetic values in the summer crop in Entre Rios do Oeste, we found that they presented values of HMRPGV*MG grouped within groups c and d. For the genotypes Q1306 and Q2014, with the highest genetic values predicted for the summer crop in Marechal Cândido Rondon, we verified that their values of HMRPGV*MG are grouped in group d. Thus, it is evident that these genotypes can respond better to favorable environmental conditions, in the specific case of the summer crop cultivation.
The genotype Q1318 was the only one grouped in groups a and b when grown in the winter season in Entre Rios do Oeste or in Marechal Cândido Rondon. This genotype was also indicated as the one with the greatest genotypic adaptability and stability, thus constitutes a genetic material of quality for cultivation in the winter crop.
In order to point out one or more genotypes for organic cultivation in the summer crop we must mention the existence of the influence caused by the stink bugs that attacked the materials. In general, the plant development was satisfactory, allowing all genotypes to behave well in this crop, which was not verified due to the attack of the stink bugs, so the selection itself carries great weight relative to the attack of these insects. Therefore, the average genotypic value in organic cultivation was lower than those observed in other experiments. 
